Introduction

The physiology of the pancreas
The pancreas consists of 82 % acinar cells, 8 % duct cells, 4 % blood vessels, 2 % endocrine cells and 8 % extracellular matrix. The function of acinar cells is to secrete digestive enzymes. The main stimulus of enzyme secretion is the vagal nerve stimulation, releasing acetylcholine, and the effects of circulating cholecystokinin. Both acetylcholine and CCK cause the elevation of intracellular Ca ++ concentration in pancreatic acinar cells. Acinar cells also produce Cl --rich isotonic fluid. Digestive enzymes which are produced by acinar cells are packed into zymogen granules and are secreted by exocytosis. In the gut lumen enterokinase converts trypsinogen to trypsin, then active trypsin activates other proenzymes to active enzymes.
The pancreatic ductal epithelium secretes 1.5-2 liters of alkaline fluid daily that may contain up to 140 mM NaHCO3. The physiological function of this alkaline secretion is to wash digestive enzymes down the ductal tree and into the duodenum, and to neutralize the acid chyme entering the duodenum from the stomach. HCO3 is accumulated across the basolateral membrane of the duct cell by Na + /HCO3 co-transporters and by the backward transport of protons via Na + /H + exchangers (NHE) and H + -ATPase. Pancreatic HCO3 secretion across the apical membrane of epithelial duct cells is thought to be mediated by anion channels and transporters such as cystic fibrosis transmembrane conductance regulator (CFTR) and SLC26 anion exchangers. CFTR is an ATP-gated anion-channel, which allows the flow of anions (Cl -, HCO3 -) according to their electrochemical gradients. Mutations of CFTR are known to cause cystic fibrosis, but less commonly they can also lead to pancreatitis.
Acute pancreatitis
Acute pancreatitis (AP) is one of the most challenging gastroenterological diseases which often requires hospital admission. The annual incidence rate is 10-45 cases per 100000 people in Western countries, however, it shows increasing tendency. In the United States, this disease accounts for 200,000 hospital admissions annually, at a cost of $ 2-2.5 billion.
The etiology of AP is considered to be multifactorial, although the different triggering mechanisms are thought to end up in the same common pathway. The most common causes of AP are massive alcohol consumption and cholelithiasis. Other causes include genetic alterations, hyperlipidemia, hypercalcemia, drugs and toxins, infections, pancreatic tumors, pancreas divisum, autoimmune diseases and vascular disorders.
The pathogenesis of AP is not well understood, it has no specific treatment, therefore investigating the pathogenesis of acute necrotizing pancreatitis and searching for new therapeutic options is more than justified.
Animal models of experimental acute pancreatitis
Animal models are often used in research of AP. Each method has some advantages, but also some disadvantages. There are invasive and non-invasive AP models.
The most commonly investigated AP model is induced by repetitive injections of supramaximal doses of secretagouges (like CCK or its analogue cerulein). Cerulein treatment causes mild, edematous pancreatitis in rats and severe inflammation and cell damage in mice.
Secretagouges inhibit digestive enzyme secretion, cause premature trypsinogen activation, 
Aims
Characterization of L-arginine-induced AP in mice
The L-arginine-induced AP model in mice described by Dawra et al. (2007) wasn't working well in our hand, because we found either high mortality in C57Bl/6 mice or no mortality but only mild disease in Balb/c mouse strain. Therefore, we investigated the: dose -concentration -gender and strain -dependency of L-arginine-induced AP in mice. 
The effects of CFTR inhibition on the severity of AP
Materials and methods
All experiments were conducted in compliance with the Guide for the Care and Use of Laboratory Animals, and were approved by the Institutional Animal Care and Use Committee of the University of Szeged and also by an independent committee assembled by national authorities. Male and female mice weighing 20-25 g were used. FVB/n, C57BL/6 and BALB/c mouse strains were from Charles Rivers Laboratory. Due to ethical issues, particularly in case of groups that needed euthanasia in large proportions, the laboratory and histological analyses were performed on a lower number of mice (in order to avoid the unnecessary death of animals). anaesthesia.
Serum amylase activity was measured with a colorimetric kinetic method using a commercial kit. To evaluate the water content of the pancreas, the pancreatic wet weight was measured, then the tissue was dried for 24 h at 100 °C and the dry weight was also measured.
The dry weight (DW) and wet weight (WW) ratio was calculated as: (1-DW/WW)×100.
Pancreatic myeloperoxidase (MPO) activity is a hallmark of leukocytic infiltration and was measured according to Kuebler et al. (1996) . MPO activities were normalized to total protein content measured by the Lowry method. To determine the extent of inflammatory response in the pancreata, we measured interleukin (IL)-1β levels using a commercial ELISA kit as described previously. Tissue samples were stained with hematoxylin and eosin. Pancreatic sections were analyzed and scored by pathologists blinded to the experimental protocol. 6-8 fields were checked and scored at 100× magnification. Edema was scored from 0-3 points (0: none; 1: patchy interlobular; 2: diffuse interlobular; 3: diffuse interlobular and intraacinar), leukocytic infiltration from 0-3 points (0: none; 1: patchy interlobular; 2: diffuse interlobular;
3: diffuse interlobular and intraacinar), the percentage of acinar cell necrosis was evaluated by ImageJ software. Normal, non-AP pancreatic samples from L-arginine-treated mice were eventually excluded from the data analysis unless indicated otherwise.
Data were presented as means ± SEM. Differences in euthanasia rates (mortality) were determined by chi square test with Yates correction. Laboratory and histological parameters were evaluated by using the two-way analysis of variance (ANOVA) followed by Bonferroni post hoc test, if the distribution of data was normal. Kruskal-Wallis non-parametric test with
The effects of the estrous cycle on AP development have always been a concern of researchers, thus to exclude such potential effects, usually male animals are used. In fact, it has long been known that in case of the CDE diet model, the effects are gender specific, female mice are much more sensitive to treatment. Therefore, we also tested the potential gender-specific effects of L-arginine treatment, but we found no significant differences in AP severity of male vs female C57BL/6 mice.
The exact pathomechanism of basic acid-induced AP is not well understood, maybe the metabolites of L-arginine have an important role in pancreatitis induction. In fact, there are two key enzymes involved in the metabolism of this semi-essential amino acid: nitric oxide synthase and arginase.
Taken together, it is evident that setting up the L-arginine-induced AP model in mice is quite challenging. Overall, it seems that the borderline between the effective (AP inducing) and lethal doses of L-arginine is much thinner in mice vs rats. There are several important factors that need to be considered such as the concentration and dose of the injected L-arginine-HCl solution and also the strain of mice. The proper dosing of L-arginine to induce AP should be tested by each laboratory and in each mouse strain. The reasons for the differences in L-arginine sensitivity of mice remain to be investigated. L-arginine-induced AP could be a cheap, reproducible, non-invasive, easy to use in rats and also in mice. The use of this model in mice is important because of the widespread transgenic animals. Without the proper function of NHERF-1, many transporter and channel functions, like that of CFTR are diminished. It was shown that in NHERF-1 KO mice, pancreatic ducts had reduced CFTR expression compared to their WT littermates. It was found that HCO3 − and fluid secretion in vitro on isolated pancreatic ductal epithelial cells and also in vivo were reduced in NHERF-1 KO mice. Animals were investigated during inflammatory conditions and they found that in cerulein and also in ductal bile acid infusion model AP was more severe in NHERF-1 KO mice compared to their WT littermates. et al. (2015) demonstrated that ethanol and fatty acid cocktail in high concentration decreased the CFTR expression in vitro on CAPAN-1 cell line and also in vivo in guinea pigs. They also confirmed with magnetic resonance cholangiopancreatography examination that the pancreatic secretory rate is decreased after ethanol and PA treatment.
The effects of CFTR inhibition on the severity of fatty-acid and ethanol-induced acute pancreatitis
Maléth
Based on these data, we found that ethanol and palmitic acid-induced AP was more severe in CFTR KO mice compared to their WT littermates.
Our data that ethanol and fatty acid-induced AP is more severe in CFTR KO mice was well correlated with the former literature data and confirm the crucial role of pancreatic ductal secretion in the pathogenesis of alcohol-induced pancreatitis. It is evident that CFTR has an important role in pancreatic dcutal secretion and the pathogenesis of AP and it may be a therapeutic target in the future.
